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Abstract 
The main strength of nanopore sensing [1] is that it implies the prospect of label-free single-molecule detection by 
taking advantage of the built-in transport-modulation-based amplification mechanism. Here we are presenting a line 
of nanopore based sensor development, including methodologies for fabrication and functional characterization of 
single channel solid state nanopores with diameters ranging from 5 to 100nm, their chemical modification and 
application for bio(chemical) sensing. 
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1. Introduction 
The micro and nanotechnology based biosensing principles enable the development and realisation 
robust, user-friendly and cost-effective in-vitro diagnostic platforms. Furthermore, label-free and multi-
analyte detection is envisioned to allow more accuracy and mass parallelism in clinical diagnostic. The 
biosensors consist of a nanoscale transducers with interface chemistry, and the capturing of bio-targets 
can be detected by measuring capacitive/impedance changes. Besides this, microfluidics, software and 
hardware developments will help to realise fully integrated biosensor systems and lab-on-chip devices. 
The final goal of this work is to develop nanopore based multi-parametric biosensing platform, applicable 
for label-free detection of blood marker proteins of cardiovascular symptoms. 
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2. Fabrication 
Solid-state single gold nanopore structures were fabricated using the combination of the silicon based 
3D MEMS/NEMS technology, and subsequent focused ion beam etching (FIB) represented by Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Solid-state single nanopore fabricated in silicon-nitride / gold layer structure 
 
The mechanical layer structures were realized by wet alkaline or double step Deep Reaction Ion 
Etching process respectively demonstrated in Fig. 2.a and 2.b.  
 
 
 
 
 
 
 
 
 
Fig. 2: Layer structures realised by wet alkaline etching (a) and double-step DRIE process (b). 
 
Considering the nanopore based electrochemical metrology described high electrical and chemical 
resistance of the mechanical layers are crucial requirements. The nanopore integrating chips were 
fabricated on the bases of different structural materials (silicon-dioxide (SiO2), stoichiometric (Si3N4) / 
non-stoichiometric silicon-nitride (SiNx)) and characterized by using electrochemical impedance 
spectroscopy and fast chronoamperometry to provide a feedback on the optimal layer structuring as 
summarized in Table I. To ensure enhanced both chemical and electrical resistance and low residual 
stress a SiO2 / SiNx stacked supporting membrane with adequate layer thickness ratio was realised. 
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Table I: Physical characteristics of the supporting layers 
 
 6WRFKLRPHWULF6LOLFRQ1LWULGH 
1RQ6WRFKLRPHWULF
6LOLFRQ1LWULGH 
7KHUPDORU&9'
6LOLFRQR[LGH 
Mechanical stress 0,97 – 1,03 GPa (tensile) low stress 
- 225-275 MPa 
(compressive) 
Chemical resistance Stop layer for KOH Stop layer for KOH KOH: 7-8 nm/min Stop layer for DRIE 
DC Resistivity of the membrane - approx. 3u1010 Ohm approx. 2u1011 Ohm 
 
The realised solid state nanopore integrating chips indicate current rectifying effects and diode type 
behaviour which was modelled by using multiphysics modelling to allow the characterization of the 
charge accumulation effect in the structural materials. [2, 3] Theoretical work was conducted to be able to 
predict the applicability of the fabricated structures for molecule and nanopraticle counting and their 
sensitivity at various target concentrations.  
3. Modelling and functional verification 
To apply nanopores as selective detectors their inner surfaces must be chemically modified by specific 
receptors. Aspects of thiol (dithiolan, disulfide) chemistries for building up self-assembled molecular 
architectures with molecular recognition capabilities are discussed in detail. The applicability of the solid 
state nanopores for biochemical sensing was modeled and verified by coupling Gold-Streptavidin 
nanoparticle conjugates on the biotinated nanopores as shown in Fig. 3. and 4. Several nonspecific 
adsorption resistant coatings were systematically tested on planar surfaces and Au nanopores in biological 
fluids such as whole blood, serum and plasma. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3:  Modelled signal change of the nanopore sensor as the function of the binding position of the target species 
(Gold-Streptavidin nanoporticle conjugate). 
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Fig. 4: Detection of Gold-Streptavidin nanoporticle conjugate binding on the biotinated nanopore trough the resistance change 
4. Conclusions 
Solid state single nanopores were fabricated by the combination of silicon micromachining and 
subsequent Focused Ion Beam nanofabrication processes considering the chemical, electrical and 
mechanical requirements. The expected biosensing function was characterized by numerical modelling 
and the chemically modified nananopore based sensors were applied for detection biomolecules by 
measurement of the pore impedance. 
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